Abstract : Analyses of radiographic changes and clinical symptom of destructive spondyloarthropathy (DSA) on consecutive 42 patients managed with long-term hemodialysis were performed to elucidate radiographic changes of DSA and the factors that influence to the destructive changes. Patients underwent plain radiographs of the cervical spine with 9 years interval. Grading of radiological feature from lateral view was classified into grade 0 to grade 3. Clinical symptom was evaluated using modified Japanese Orthopaedic Association scoring system for cervical myelopathy (mJOA score). Destructive changes were observed in 3 patients at the first examination, and those were observed in 15 patients 9 years after the first examination. There is no statistically significant difference between the duration of hemodialysis and the grade. The mean age at the onset of hemodialysis, however, was significantly higher in patients of grade 2 and 3 than those of grade 1. Older patients with long-term hemodialysis had destructive changes. Destructive changes commonly observed in lower cervical spine. The average numbers of the involved disc level were 1.6 in grade 2 and 1.0 in grade 3. Clinical symptoms were varied in each grade and there was no statistically significant difference in total mJOA score among these grades.
INTRODUCTION
Advancement of techniques and instruments of hemodialysis brings improvement of the survival rate and opportunity to return to the social life for the chronic renal failure patients. On the other hand, the number of disabled patients due to bone and joint diseases in association with hemodialysis expands as the number of hemodialysis patients increases and their lifespan prolongs. The number of patients underwent hemodialysis was 215 in 1968 and 320,448 in 2014 (1) . Destructive spondyloarthropathy (DSA) is one of the most significant spinal disorders associate with long-term hemodialysis. Since Kuntz et al. first described DSA in 1984 (2), many authors have reported on its pathology (3, 4) , causative factors (5 -11) and management (12 -18) . Patients with DSA are suffering from sever neck pain and sometimes have neurologic deficit. Operative treatment is sometimes indicated for these patients. Although it is important to know natural course of DSA for the treatment of the patients, there are few previous longitudinal studies (10, 19) . The purpose of this longitudinal study is to elucidate radiological changes of the cervical spine during 9 years and clinical symptom of DSA in long term-hemodialysis.
PATIENT AND METHODS
Forty -two patients out of 94 patients being managed with hemodialysis at Mitoyo General Hospital in 1998 have had undergone plain radiography in 1989. These 42 patients participated in this study. There were 24 male and 18 female ranged in age from 38 to 80 years old (mean, 58 years old). Duration of hemodialysis ranged from 9 to 25 years (mean, 15.3 years) at the first radiological examination. Distribution of age and duration of hemodialysis were not statistically significant difference between male and female. Nephropathy was caused by glomeruloneohritis in 38 patients and by diabetes mellitus in 4 patients. All patients underwent anteroposterior and lateral views of plain radiography of the cervical spine in 1989 for the first examination. Nine years after the initial radiography, all patients underwent follow-up plain radiography of the cervical spine for the second examination in 1998. Radiological findings of the lateral view were graded as follows. Normal findings without any disc space narrowing, erosive changes and subluxation was defined as grade 0. Erosive changes in anterior rim of the vertebrae and endplate without remarkable disc space narrowing were defined as grade 1. Remarkable disc space narrowing with minimal osteophyte formation was defined as grade 2. Spinal fusion and/or subluxation of the vertebrae was defined as grade 3 (Fig. 1) . The grade of the finding was determined in consultation by two orthopedic surgeons. All patients were graded according to their findings at the first and the second examination. The relationships between the duration of hemodialysis and the grade and between the age at the onset of hemodialysis and the grade were evaluated. Also radiological changes at each disc level from C2 -3 to C6 -7 were observed at the first and the second examination. Clinical symptom
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RESULTS
At the first examination, 9 patients (21.4%) were classified into grade 0, 30 patients (71.4%) were classified into grade 1, 3 patients (7.1%) were classified into grade 2 and no patient was classified into grade 3. Nine years after the first examination, 1 patient (2.4%) was classified into grade 0, 26 patients (61.9%) were classified into grade 1, 7 patients (16.7%) were classified into grade 2 and 8 patients (19.0%) were classified into grade 3. Patient classified into grade 2 and grade 3 were observed in 7.1% of the patients at the first examination, conversely those were observed 35.7% at the second examination (Fig. 2) . The mean duration of hemodialysis of patients with grade 1, grade 2 and grade 3 was 15.5!4.2 years, 14.9!4.9 years and 15.2!4.0 years, respectively with no statistically significant difference. On the other hand, mean age at the onset of hemodialysis of patients with grade 1, grade 2 and grade 3 was 39.2!9.6 years, 48.2!11.9 years and 49.6!10.5 years, respectively. Mean age at the onset of hemodialysis of grade 2 and grade 3 were significantly older than that of grade 1 (Fig. 3) A decrease in the number of patients of grade 0 and an increase of grade 1 were observed in all disc levels during nine years. Radiological changes of grade 2 and grade 3 significantly increased in C5 -6 and C6 -7 disc levels (Fig. 4) . The average numbers of the involved disc level were 1.6 in grade 2 and 1.0 in grade 3 at the second examination.
Of 8 patients in grade 3, 2 patients had grade 2 changes in an adjacent disc level.
Clinical symptom was varied in each grade. There was no statistically significant difference among all grade in total mJOA score, however, there was statistically significant difference between grade 1 and grade 3 in shoulder and elbow function scores (Table 2) .
A CASE PRESENTATION Figure 5 shows radiological changes of a 65 years old male patient who has been managed with hemodialysis during 8 years at the first examination. He was classified into grade 1 at the first examination and was classified into grade 3 at the second examination. At the first examination, radiological changes of grade 1 were observed in the levels of C3 -4, C4 -5 and C5 -6. At the second examination, duration of hemodialysis was 17 years and the radiological changes of grade 3 were observed in the levels of C3 -4 and C4 -5. Total mJOA score was 11 point at the second examination (Fig. 5) .
DISCUSSION
Since Kuntz et al. first described DSA as a new syndrome associated with long-term hemodialysis (2), many possible cause of DSA have been considered. Recently, most authors consider that the main cause of DSA is deposition of β2 -microgloblin (3, 4, 8, 20, 21) . In chronic renal failure and long-term hemodialysis patients, β2-microgloblin deposit in articular, periarticular and perineural tissues because β2-microgloblin could not be filtered by the kidney and the column. Sebert et al. demonstrated that deposition of amyloid resulting from β2 -microgloblin in the vertebral disc of patient with DSA (11). Miyata et al. attested β2 -microgloblin modified with advanced glycation end products (AGEs) is the major component of hemodialysis-associated amyloidosis (21) . AGEs induce transendothelial human monocyte chemotaxis and production of TNF alpha and IL-1β. Activation of osteoclast or chondroclast by TNF alpha and IL-1β promotes bone absorption, causing destructive changes of the cervical spine (22) . Maruyama et al. described that patient's age at the onset of hemodialysis was an associate risk factor for DSA (8) . In the present study, we also found that duration of hemodialysis did not correlate to progress of destructive changes. Conversely, patient's age at the onset of hemodialysis correlated to progress of destructive changes. Older patients with long-term hemodialysis had destructive changes. Although the cause of DSA is thought to be deposition of AGEsβ2-microgloblin in the disc, ligament and vertebrae, it is not enough to explain the pathogenesis of DSA. If ADEsβ2 -microgloblin deposition is the main cause of DSA, destructive changes should have occurred in younger patients. Therefor, aging is thought to be one of the most important factors of DSA.
DSA developed commonly in the lower cervical spine of which range of motion was larger. These destructive changes were limited in one or sometimes two disc levels. It was thought that once the destructive changes had occurred, axial and shearing loads were concentrated to the involved level and destruction progressed 
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in limited disc levels. The mechanical stress to the spine is associated with the pathogenesis of DSA. Of 8 patients with grade 3, 2 patients had grade 2 changes in an adjacent disc level in this study. This fact is important to plan the extent of spinal fusion level. Sudo et al. performed reconstructive surgery for patients with significant spinal instability and reported that progressive destructive changes causing significant instability in the mobile segments adjacent to the previous fusion site were observed in four patients (40%) who underwent circumferential fusion (23) . It is important to extent fusion if adjacent disc level had grade 1 or grade 2 changes.
In the present study, mJOA scores were inconsistent and low in all grades and there was no statistically significant correlation between radiological findings and clinical symptom except shoulder (12) is observed. Patients with DSA have many other complications, including cardioplumonary disease, immunosuppression due to diabetes mellitus and sometimes hepatocellular carcinoma resulting from hepatitis C. Nakamura et al. investigated the survival rate of the patients with DSA and concluded that the survival rate was 37.4% over 10 years from the onset of hemodialysis and 0% over 20 years (24) . Large amount of bleeding, surgical site infection and osteopenia are some of the major problems at surgery. Kumar et al. demonstrated that successful cervical spine fusion could relieve pain and neurologic deficits in selected patients (16) . However, 2 of the 11 patients who underwent surgery died during perioperative period. Itoh et al. performed surgery for 17 patients with DSA and 1 patient died during the operation and 2 patients died perioperative period (15) . Naito et al. studied the outcome of 9 patients who had surgery for DSA and concluded that 5 patients had good, 2 patients had fair and 1 patient had poor results (18) . They also reported that 1 patient died 46 days after the surgery due to postoperative meningitis. Because of such high mortality, patient selection based on their disability, general condition and prognosis is important.
CONCLUSION
During 9 years, number of patients with destructive changes increased from 3 (7.1%) to 15 (35.7%). In the present study, we found that duration of hemodialysis did not correlate to progress of destructive changes. Conversely, patient's age at the onset of hemodialysis correlated to progress of destructive changes. Destructive changes progressed in older patients with long-term hemodialysis. Destructive changes progressed in the lower cervical spine and occurred in limited number of the disc level. Mean mJOA score was low, however, there was no patient required surgery in this series. There was no statistical correlation between radiological findings and mJOA score. 
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